We propose and demonstrate improvement of optical signal-to-noise ratio of a highpower pump by saturated stimulated Brillouin amplification of a backward seed in a fiber. A 27-dB improvement was obtained for a 1-W pump.
Introduction
When an optical fiber is pumped by a narrow-linewidth pump, Brillouin scattering creates a gain region for reflected light on the Stokes side of the pump, separated from the pump by the Brillouin shift (Δν B =10 GHz); its bandwidth is about 30 MHz in silica. This narrow bandwidth, as well as the absence of secondary maxima, can be exploited for narrowband filtering of low-power signals [1] . Here we propose to apply SBS to improve the optical signal-to-noise ratio (OSNR) of a continuous-wave (CW) pump. In contrast to passive fiber optical filters, this type of filtering is well suited for high powers, and the pump could potentially have a power of the order of hundreds of watts. High-power high-OSNR pumps are necessary for signal amplification in fiber optical parametric amplifiers (OPAs) [2, 3] , and they could also potentially find a number of other applications [4] . We have performed a theoretical analysis, which shows that OSNR improvements by tens of decibels should be readily feasible, and experiments for verifying the validity of the concept.
Experiments
The experimental setup is shown in Fig. 1 The optical spectrum to be improved was that of a tunable laser system (TLS), with a linewidth of the order of 1 MHz. Its output was combined with an ASE source by a 3-dB coupler, to degrade the OSNR by a controllable amount. The seed was obtained by diverting part of the TLS power with a second 3-dB coupler, and sending it into an amplitude modulator driven by a sine wave at Δν B . The seed was injected backward into the SMF after passing through an isolator. The pump-ASE combination was amplified by an EDFA and injected into the fiber in the forward direction after passing through a circulator. The fiber was a 14 km length of standard singlemode fiber (SMF). The amplified seed was extracted by means of the circulator. Various spectra were observed along the system. Figure 2 shows the results of OSA measurements. (The two curves were translated to make their peaks coincide, to facilitate their comparison.) After Brillouin amplification of the seed, the final OSNR was improved by 27 dB by SBS filtering. We also performed heterodyne measurements to monitor the linewidth of the filtered pump. Typical spectra are shown in Fig. 3 . They show that in order to obtain best performance it is necessary to precisely align the seed with the maximum Brillouin gain, otherwise saturation by Brillouin ASE can compete and distort the spectrum. We also performed experiments in a 120-m long highly-nonlinear fiber (HNLF), with pump power up to 1 W, and we obtained a similar improvement in pump OSNR.
Discussion and conclusion
This technique can in principle have a conversion efficiency (extracted amplified seed power compared to incident pump power) approaching 100%. In practice it is limited by the insertion losses of the various components (couplers, circulators, etc.) and so a loss of a few dBs is to be expected. Since singlemode fibers can handle high average powers (tens and even hundreds of watts), the maximum power will be determined by the power-handling capability of the various components. The OSNR reduction itself is limited by the circulator, namely by direct leakage from input to output. Ours had about 30 dB isolation, which explains the limited improvement that we observed. However, commercially available devices can exhibit isolation of up to 50 dB, and so even larger OSNR improvements should be obtainable with such devices. This technique could be useful for applications requiring a high power pump with high OSNR, such as parametric amplification for optical communication. 
